We have conducted a survey of 61 southern white dwarfs searching for magnetic fields using Zeeman spectropolarimetry. Our objective is to obtain a magnetic field distribution for these objects and, in particular, to find white dwarfs with weak fields. We found one possible candidate ( WD 0310À688) that may have a weak magnetic field of À6:1 AE 2:2 kG. Next, we determine the fraction and distribution of magnetic white dwarfs in the solar neighborhood and investigate the probability of finding more of these objects based on the current incidence of magnetism in white dwarfs within 20 pc of the Sun. We have also analyzed the spectra of the white dwarfs to obtain effective temperatures and surface gravities. Subject headingg s: magnetic fields -white dwarfs
INTRODUCTION
White dwarfs are fossil remains of stellar evolution, and a study of the distribution of magnetic fields among white dwarfs may help elucidate the role played by magnetic fields in the evolution of low-to intermediate-mass stars.
Our current knowledge of the field distribution, i.e., the fraction of magnetic white dwarfs as a function of field strength ( polar, surface average, or longitudinal field strength), is dictated by a compilation of surveys of various aims and field sensitivities. Spectroscopic surveys are useful in probing the Zeeman effect in the Balmer lines of hydrogen-rich DA white dwarfs and may achieve field sensitivity of k1 MG, causing Zeeman splitting of Ák k 20 8 in low-dispersion spectra ( Vennes 1999; Ferrario et al. 1998) , or k10 kG corresponding to Ák k 0:2 8 in highdispersion spectra of bright candidates (e.g., Koester et al. 1998 ). On the other hand, low-dispersion spectropolarimetric surveys of DA white dwarfs may achieve sensitivities of k10 kG while offering increased accessibility to fainter white dwarfs (Schmidt & Smith 1995) .
Similar studies (e.g., Putney 1997; Jordan et al. 1998; Schmidt et al. 2001 ) of the incidence of magnetic fields in non-DA white dwarfs ( helium line DB, or continuum-like DC) are more difficult because of the weakness of helium lines relative to hydrogen lines in stars with similar ages, although the presence of Zeemansplit metal lines may betray the presence of a magnetic field in such objects (e.g., Reid et al. 2001) . Dichroism of continuous opacities induces optical circular polarization of the order of V /I % 0:1B %, where B is expressed in MG (Kemp 1970; Angel et al. 1981) . Therefore, polarimetry of DC white dwarfs may achieve field sensitivity k1 MG in high-quality surveys (V /I k 0:1%) or more generally k10 MG (V /I k 1%).
Spectroscopic and polarimetric surveys have accumulated sufficient data to describe the field distribution k1 MG in all nearby white dwarfs (DA and non-DA), while only a fraction of the data is available to describe the distribution k0.1 MG among brighter hydrogen-rich DA white dwarfs. The aim of spectropolarimetric surveys is to complement spectroscopic surveys and provide data for fainter DA candidates with even lower fields in the 10 kGY 1 MG range. Kawka et al. (2003) derived the field distribution in the local white dwarf census of Holberg et al. (2002) . The incidence of magnetic field appears constant per decade of field strength from 0.1 MG to close to 1000 MG. Since the estimate of Kawka et al. (2003) , which included the low-field magnetic white dwarf 40 Eri B , Aznar Cuadrado et al. (2004) added the low-field white dwarf LTT 9857 (3.1 kG) to the local census (i.e., within 20 pc of the Sun), thereby extending the field distribution well below 10 kG. The origin of fields in white dwarf stars is more difficult to establish quantitatively. Kawka (2004) and revisited some assumptions about the magnetic white dwarf space density and the corresponding space density of their likely Ap/Bp progenitors. They concluded that our current knowledge of stellar formation rate and evolutionary timescales cannot account for the present-day density of magnetic white dwarfs. Low-field white dwarfs are also not accounted for, which prompted to suggest that additional progenitors are required.
In x 2 we present spectropolarimetry of 61 white dwarfs with V P 16:4 and < À30
, among which 55 have V P 15:0 and 5 are in close binaries. We also present spectropolarimetry of four subdwarf B (sdB) stars, where two of these were misclassified as white dwarfs. This complements a spectropolarimetric survey for magnetic fields among northern hemisphere white dwarfs carried out by Schmidt & Smith (1995) . That survey sampled some 169 DA white dwarfs and resulted in the discovery of four new magnetic white dwarfs with fields between $10 5 and 10 9 G. We present our analyses of our observations in x 3, and in x 4 we discuss the properties of the local population of magnetic white dwarfs. Finally, in x 5 we summarize our results. The Appendix tabulates the properties of all magnetic white dwarfs known to date.
OBSERVATIONS

Spectropolarimetry
The data for the survey of magnetic fields in southern white dwarfs were acquired using the 74 inch (1.88 m) telescope at the Mount Stromlo Observatory with the Steward Observatory CCD Spectropolarimeter. The original instrument is described in Schmidt et al. (1992b) . The instrument setup was updated and modified for the 74 inch telescope, with an improved camera lens and a thinned, back-illuminated LORAL 1200 ; 800 CCD with near-unity quantum efficiency and <6e À read noise. The f /18 Cassegrain telescope beam was adapted to the f /9 spectrograph optics with a small converging lens placed in front of the slit. A 964 line mm À1 grating blazed at 4639 8 was used, which gave a dispersion of 2.62 8 pixel À1 . Circularly polarized spectra of white dwarfs were obtained over a region that includes H, H, and H, with a spectral resolution of $9 8. The data were acquired in multiple wave plate sequences. The length of an exposure, which varied from 360 to 2400 s depending on the brightness of the object and the seeing conditions, is the time required for one wave plate sequence to be completed. One wave plate sequence is a series of four exposures at different quarterYwave plate orientations that produce two complementary images in opposite senses of circular polarization. These are used to obtain the degree of circular polarization as a function of wavelength v k , as well as the total (unpolarized) spectral flux F k . The slit width was generally set at 2:4 00 ; however, it was increased to 3:6 00 when the seeing deteriorated. The observations were conducted on 2000 October 27Y29, November 3, 5, and 25Y26, and December 1Y4, 23Y28, and 31 and 2001 January 1, 18Y20, and 27 and February 17, 18, 21, 22 , and 25.
Complementary Spectroscopy
Additional spectroscopy of many of the white dwarfs in the survey has been obtained using the 74 inch telescope with the Cassegrain spectrograph equipped with a 300 line mm À1 grating blazed at 5000 8 and a 2k ; 4k CCD binned 2 ; 2. This resulted in a wavelength dispersion of 2.85 8 pixel À1 and a spectral range of about 3500 Y6400 8, providing a spectral resolution of $8 8.
The observations were carried out on 1998 May 26 and June 18, 2001 February 28, March 2, 4, 5, 7, and 8, September 13, 15, and 16, and October 25Y28, and 2002 January 7 and 8, March 8, and  April 3. The purpose of obtaining these additional spectra was to have spectral coverage of the upper Balmer line series, not covered by the spectropolarimeter, and to constrain the temperature and gravity of the white dwarfs. For many of the hot white dwarfs in our sample, we have reanalyzed the spectra from Vennes et al. (1996 ), Ferrario et al. (1997a , Vennes (1999) , and .
ANALYSIS
The mean longitudinal magnetic field for a specific absorption line is measured at each wavelength using the weak-field approximation (Angel et al. 1973 )
where k is the wavelength in 8, B l is the longitudinal magnetic field strength in G, F is the total spectral flux (i.e., the total intensity, I ), and v ¼ V /I is the degree of circular polarization. The flux gradient dF/dk is calculated from a pseudo-Lorentzian fit to the line profile of the normalized flux. The fitted line profile is used in this procedure instead of the observed profile to reduce the effects of statistical noise in the flux distribution and is appropriate when the Zeeman splitting is not resolved. For a typical white dwarf this is a reasonable approximation for B P 1 MG. The quoted B l for a given star and epoch is computed from the weighted average of measurements at various wavelength bins across a profile, followed by a weighted average for the lines observed, here H, H, and H.
The uncertainty in B l at each wavelength bin includes two sources of noise. The first and most important contribution is derived from the statistical fluctuation in the circular polarization spectrum. This is measured in the far wings of the absorption line and converted to an uncertainty in B l (which we call i ) using standard error propagation techniques. Assuming that all errors are statistical, these point-by-point uncertainties combine to an uncertainty in the value of B l for the entire line
The second contribution to the uncertainty of a derived field strength stems from the uncertainty in fitting the pseudo-Lorentzian line profile (i.e., they are estimated from the rms deviation of the data from the best-fit line profile) and is included as an independent noise source prof . The total uncertainty in B l for a given absorption line is then taken to be
The results are tabulated in Table 1 and displayed as circular polarization spectra in Figures 1 and 2 . The survey for magnetism yielded no detections of magnetism (those where the signalto-noise ratio in the derived field strength clearly exceeds 3.0), with the possible exception of WD 0310À688. For an intrinsically nonmagnetic sample, one would expect that a histogram of the measured values of B l should approximate a Gaussian whose width is the mean uncertainty B l . However, as shown in Figure 3 , the 9.5 kG width of the distribution is $50% larger than the mean uncertainty. This could be due to the stars having weak magnetic fields of the order of a few kilogauss, but we believe that a more likely explanation is that our purely statistical estimates underrepresent the true uncertainties. For example, seeing and guiding variations, fluxing errors, and polarimetric calibration uncertainties can all affect the derived polarization spectra but have not been included in the analysis above. Similar conclusions were reached for the northern survey by Schmidt & Smith (1995) . Therefore, in this paper all magnetic field measurements have been increased by 50% over their purely statistical values, including the values in Table 1 .
Balmer line spectra provide insights into the temperature and density structure of white dwarf atmospheres represented by the parameters T eA and log g. We computed a new grid of models supporting a (T eA ; log g) analysis: the grid of models extends from T eA ¼ 4500 to 6500 K (in steps of 500 K ) at log g ¼ 7:0, 8.0, and 9.0, from T eA ¼ 7000 to 16,000 K (in steps of 1000 K ), from 18,000 to 32,000 K (in steps of 2000 K ), and from 36,000 to 84,000 K (in steps of 4000 K ) at log g ¼ 7:0 Y 9:5 (in steps of 0.25 dex). Convective energy transport in cooler atmospheres is included by applying the Schwarzschild stability criterion and by using the mixing-length formalism described by Mihalas (1978) , where we have assumed the ML2 parameterization of the convective flux (Fontaine et al. 1981) , and adopting ¼ 0:6 (Bergeron et al. 1992b ). The equation of convective energy transport was fully linearized within the Feautrier solution scheme and subjected to the constraint that
The dissolution of the hydrogen energy levels in the high-density atmospheres of white dwarfs was calculated using the formalism of Hummer & Mihalas (1988) and following the treatment of Hubeny et al. (1994) . See Kawka & Vennes (2006) for more details of the procedure. 6 The calculated level occupation probabilities are then explicitly included in the calculation of the line and continuum opacities. The Balmer line profiles are calculated using the tables of Stark-broadened H i line profiles of Lemke (1997) convolved with normalized resonance line profiles. 6 Note that eq. (2) in Kawka & Vennes (2006) 
The observed Balmer lines (H/H to H /H8) were fitted with model spectra using 2 minimization techniques, and the quoted uncertainties are statistical only (1 ) and do not take into account possible systematic effects in model calculations or data acquisition and reduction procedures. We used the mass-radius relations of Benvenuto & Althaus (1999) with a hydrogen envelope of M H /M Ã ¼ 10 À4 and a metallicity of Z ¼ 0 to convert the (T eA ; log g) measurements into white dwarf masses. For two white dwarfs ( WD 0621À376 and WD 2211À495) we have used the mass-radius relations of Wood (1995) to determine their masses, since the mass-radius relations of Benvenuto & Althaus (1999) did not extend to the very high temperatures of these stars.
The white dwarfs from the present study are presented in three different tables. our spectropolarimetric survey, which is comprised of one DO white dwarf and four sdB stars. Table 2 presents the observed white dwarfs with their apparent magnitude, effective temperature, surface gravity, mass, and distance. The distance was calculated from the apparent and absolute magnitudes. For 55 of these stars, spectropolarimetry was obtained. We have used the complementary spectra that cover the higher Balmer lines to determine their effective temperature and surface gravity by comparing these spectra to a grid of synthetic model spectra. Figure 4 shows the Balmer line profile fits to the observed spectra, which have not been previously published.
Single White Dwarfs
Magnetic properties of several stars in this spectropolarimetric survey have been discussed in the literature; therefore, these properties are summarized and compared to the results of this study.
WD 0310À688
The circular polarization shows a hint of the presence of a weak magnetic field, but the measurement of À6:1 AE 2:2 kG does not exceed 3 significance. Figure 5 shows the flux and circular polarization spectra of WD 0310À688. Note that in a Gaussian distribution 0.26% of the objects lie outside 3 , and therefore the probability that we will have at least one measurement above the 3 limit in our sample of 61 white dwarfs is 14.7%. We have checked the individual measurements for each line and found that the magnetic field at H was significantly lower than and of opposite sign to the measurements obtained at H and H. However, at H the Zeeman effect is much weaker and the signal-to-noise ratio in this region is much lower. If we only consider the measurements at H and H, then the field measurement would be À7:3 AE 2:4, and still barely a 3 detection. Aznar Cuadrado et al. (2004) also obtained spectropolarimetry for this star and did not detect the presence of a magnetic field down to a limit of 0.5 kG. Different orientations of the magnetic field as a result of stellar rotation can produce varying field strengths (e.g., WD 0009+501; Valyavin et al. 2005) ; therefore, further spectropolarimetric observations are required to confirm the presence of a magnetic field in WD 0310À688.
LB 9802
This white dwarf is the visual companion to the high-field ultramassive white dwarf, EUVE J0317À85.5. We find that the Table 2 . Each spectrum is separated by 0.10 for better visualization, and the Balmer lines ( H, H, and H) are indicated by the dotted vertical lines.
longitudinal field measurement of LB 9802 is 7:2 AE 6:3 kG, implying that this is a nonmagnetic white dwarf. Figure 1 shows the flux and polarization spectra of LB 9802. The magnetic companion EUVE J0317À85.5 was found to vary over a 12 minute (725:4 AE 0:9 s) cycle (Barstow et al. 1995) . Using far-ultraviolet spectroscopy, Burleigh et al. (1999) found that the magnetic field of EUVE J0317À85.5 (RE J0317À853) varied between 180 and 800 MG over the surface of the white dwarf, assuming a multipolar expansion of the field. Using spectropolarimetry and EUVE photometry, Vennes et al. (2003) were able to improve the period to 725:727 AE 0:001 s. Vennes et al. (2003) also suggest that EUVE J0317À85.5 has an underlying surface magnetic field of $185 MG with a magnetic spot with a surface field strength of $425 MG. These two stars have a projected separation of about 200 AU, implying a common origin. However, the more massive star is much hotter than the less massive and cooler LB 9802, which suggests an age disparity between the two stars. A possible explanation for this age disparity is that EUVE J0317À85.5 is a result of a double degenerate merger.
WD 0446À789
This star has recently been observed by Aznar Cuadrado et al. (2004) . Using spectropolarimetry, they found this white dwarf to have a longitudinal magnetic field of 4:283 AE 0:640 kG. The detection of a low strength magnetic field in a white dwarf means that a population of low magnetic field white dwarfs may exist. Such a population would contribute toward a wider B/Á B distribution shown in Figure 3 . Our survey was not sensitive enough to detect fields of a few kilogauss.
WD 0621À376
Vennes (1999) limited the magnetic field to 30 kG from the narrow H core. We measured a longitudinal field of À11:1 AE 10:1 kG. Assuming that B p ¼ B l /(0:4 cos i ) and that B p ¼ 30 kG, the longitudinal magnetic field can be at most 12 kG, which clearly lies within 2 of our measurement.
WD 0839À327
This object is a possible double degenerate system (Bragaglia et al. 1990 ). These authors did not find significant radial velocity changes; however, they found significant line profile variations. Using the trigonometric parallax ( ¼ 112:7 AE 9:7 mas) from the Yale Trigonometric Catalog implies a distance of 8:87 AE 0:77 pc, which is slightly farther than the distance obtained from our spectroscopic fit (i.e., 7 pc). Assuming that this is a double degenerate, we assume that the determined parameters (i.e., T eA ¼ 9340 K ( Table 2 ) and close binary stars ( Table 3) . and log g ¼ 8:11) are for the primary (i.e., the brighter component). To approximate the temperature of the secondary component, we first calculate the absolute magnitude of the primary from the temperature and gravity determined from the spectroscopic fit. Therefore, the absolute magnitude of the primary is M V ¼ 12:58. Next, the total absolute magnitude for the system calculated from the distance (d ¼ 8:9 pc) and apparent magnitude (V ¼ 11:90 mag) is M V ¼ 12:15. The difference in M V suggests that the secondary component would be required to have M V ¼ 13:4, and assuming log g ¼ 8, this would correspond to an effective temperature of $7500 K.
WD 0859À039
This star has also been observed by Aznar Cuadrado et al. (2004) . Their spectropolarimetric observations did not reveal the presence of a magnetic field in this star down to a limit of $0.5 kG, which supports our measurements and nondetection.
WD 1544À377
This star is the common proper-motion companion to the bright G6 V star, HD 140901. Koester et al. (1998) limited the magnetic field to 20 kG from the narrow H core. We can therefore expect the longitudinal field to be at most 8 kG if we assume a simple dipole for the magnetic field. Both of our longitudinal field measurements of À5:9 AE 7:7 and À0:25 AE 6:5 kG lie within 8 kG.
3.1.8. WD 1620À391 Koester et al. (1998) limited the magnetic field to 10 kG from the narrow H core; therefore, assuming a simple dipole, the longitudinal field can be at most 4 kG. We measured a longitudinal field of À3:0 AE 2:6 kG, and within 2 of this measurement we cannot place any tight constraints on the inclination.
WD 1659À531
This star is the common proper-motion companion to the bright F star, HD 153580. Koester & Herrero (1988) limited the magnetic field to 25 kG from the narrow H core, and assuming a simple dipole the longitudinal field can be at most 10 kG. We measured a longitudinal field of À1:1 AE 5:7 kG, and within 2 of this measurement we cannot place any tight constraints on the inclination.
3.1.10. WD 2007À303 Koester et al. (1998) limited the magnetic field to 10 kG from the narrow H core, and assuming a simple dipole, the longitudinal field can be at most 4 kG. We have obtained two measurements of the longitudinal field at different epochs (5:5 AE 8:1 kG and 3:7 AE 3:8 kG), which cannot be used to place any tight constraints on the inclination.
WD 2039À682
A broadened H core was observed by Koester et al. (1998) . They fitted a rotationally broadened profile of v sin i ¼ 80 km s À1 to the core, but they also suggested that a magnetic field of %50 kG could cause the broadening. Our longitudinal field measurement of À6:0 AE 6:4 kG suggests that the broadening is most likely due to rotation; however, a magnetic field (i.e., B l < 12:8 kG ¼ 2 ) may still be present if it is viewed at high inclination (i > 50
). Also a magnetic spot on the surface of the white dwarf may exist but that was hidden from view when this object was observed during the survey. For example, WD 1953À011 is a known magnetic white dwarf that appears to have a magnetic spot on its surface .
3.1.12. WD 2105À820 Koester et al. (1998) observed a flattened H core and concluded that it is most likely due to the presence of a magnetic field of 43 AE 10 kG. Assuming a dipole magnetic field, the longitudinal field can be at most 17 kG. We measured a longitudinal field of 3:4 AE 5:0 kG. Within 2 of the longitudinal field measurement the inclination has to be greater than 39
; however, if we consider the uncertainty in the surface field measurement, then we cannot constrain the inclination.
WD 2211À495
This object was discussed in Vennes (1999) , who placed an upper limit of 30 kG on the surface magnetic field from the narrow H core; assuming a simple dipole, the longitudinal field can be at most 12 kG. We measured a longitudinal field of 6:6 AE 5:3 kG, and at 2 we cannot place any tight constraints on the inclination of the field.
3.1.14. WD 2359À434 An unusually narrow and flat H core was reported by Koester et al. (1998) , and they speculated that a magnetic field could be the cause of this effect. A variable flattened core was also reported by Maxted & Marsh (1999) . A weak magnetic field was detected by Aznar Cuadrado et al. (2004) , who measured a lower limit for the longitudinal field strength of À4:504 AE 0:958 kG. Our measurement of 3:4 AE 4:4 kG was not sensitive enough to detect such a low magnetic field. The trigonometric parallax from the Yale Parallax catalog implies a distance of 7:8 AE 0:4 pc, which is in agreement with the distance obtained from the spectroscopic fit. Table 2 also includes a number of stars that were not observed using spectropolarimetry, but intensity spectra were obtained. We placed an upper limit for the magnetic field of 1 MG for these stars. We assumed that the Zeeman splitting would be observed for white dwarfs with surface fields higher than 1 MG. Also we used these optical spectra to determine new effective temperatures and surface gravities for these stars.
In addition to the above-discussed white dwarfs, there are a few objects with peculiar properties that deserve discussion.
WD 0141À675
This is a known high proper motion white dwarf; however, few spectroscopic observations of this star have been carried out. Holberg et al. (2002) listed this white dwarf as local with a distance of 9.6 pc. Our spectroscopic studies found this object to be a cool white dwarf (T eA ¼ 6460 AE 160 K ) with a distance of 9 pc.
WD 0800À533
This object was reported as a possible binary by Wickramasinghe & Bessell (1977) , who observed broad emission cores in H and H. They also noted that it lies near the X-ray error box of 3U 0804À58. We checked the ROSAT database for X-ray sources in the vicinity of this object; however, the closest object is about half a degree away, hence we conclude that either WD 0800À533 is not a strong X-ray source or its X-ray emission is variable. Our spectra, which only cover the upper Balmer lines (HYH8), did not show obvious signs of emission or a cool companion. However, we obtained Two Micron All Sky Survey (2MASS) infrared (JHK ) and DENIS (IJK ) 7 photometry and found that the white dwarf has significant infrared excess, which is possibly due to a cool companion. We estimate the secondary to be an M3Y 4 V star by comparing a combined spectrum of a white dwarf and an M dwarf ( Pickles 1998) , as shown in Figure 6 . Further studies are required to determine its binary parameters.
WD 1223À659
This is a local white dwarf (d $ 13 pc) with few spectroscopic observations. Wegner (1973) reported weak Ca ii lines; however, our spectra only show weak hydrogen lines, in agreement with the classification of Wickramasinghe & Bessell (1977) . Therefore, This is a well-known massive ZZ Ceti star. We did not detect the presence of a magnetic field down to about 10 kG. The Balmer lines were fitted with model spectra to obtain an effective temperature of 11;870 AE 130 K and a surface gravity of log g ¼ 8:84 AE 0:04, and hence a mass of 1:11 AE 0:02 M .
WD 1628À873
This object has an effective temperature (T eA ¼ 11;160 AE 190 K ) and a surface gravity (log g ¼ 8:29 AE 0:07) that place it near the instability strip. This star was checked for variability by McGraw (1977) , who found WD 1628À873 to be constant in luminosity; however, it is useful in helping define the instability strip.
WD 2159À754
This is an ultramassive white dwarf for which few spectroscopic observations have been carried out. Schulz & Wegner (1981) determined an effective temperature of T eA ¼ 8700 AE 400 K and a surface gravity log g ¼ 8:1 AE 0:2 by comparing the equivalent widths of H/ versus H/. Our surface gravity of log g ¼ 8:95 AE 0:09 is significantly higher.
WD 2336À079
This object was observed by . Their temperature and surface gravity place it in the ZZ Ceti instability strip. Table 2 . Gianninas et al. (2006) have observed this star and found it to be variable. We have reanalyzed this star using improved spectral models and found the effective temperature to be T eA ¼ 11;010AE 210 K and the surface gravity to be log g ¼ 8:05, which places this star on the red edge of the instability strip.
WD 2351À368
This is a high proper motion white dwarf, and the kinematics of this star makes it a halo candidate (Pauli et al. 2003) . Halo white dwarfs are expected to be very cool and old; however, this star is quite hot (T eA ¼ 14;540 AE 320 K ) with an average mass (M ¼ 0:61 AE 0:03 M ). Pauli et al. (2003) argue that this white dwarf evolved from a long-lived low-mass star. This is one of the few stars for which we could not obtain a spectropolarimetric measurement; therefore, we can only conclude that if a magnetic field is present, it must be less than $1 MG.
Ultramassive White Dwarfs
As part of our general spectropolarimetric survey we have also observed EUV-selected ultramassive (!1.1 M ) white dwarfs, which are listed in Tables 1 and 2 and indicated with a table note. No magnetic fields were detected in these stars (except for the known magnetic white dwarf EUVE J0823À25.4). In addition to the EUV-selected stars, two ultramassive white dwarfs ( WD 1236À495 and WD 2159À754) were observed as part of the general survey and were found to be nonmagnetic.
Since the mass of magnetic white dwarfs is on average higher ($0.8 M ) than the mass of nonmagnetic white dwarfs ($0.6 M ), we selected known ultramassive white dwarfs for which magnetic field measurements are available. Table 5 lists these ultramassive white dwarfs. The presence of a magnetic field is not guaranteed in massive white dwarfs, but a higher incidence of magnetism is observed. For the white dwarfs where a magnetic field has been detected, the previously published values are given; otherwise, an upper limit on the polar magnetic field from this survey is provided. The upper limit is calculated from the measured 2 error of the longitudinal component of the field, and since these upper limits are for reference only, we have assumed 57
for the inclination (i.e., the most probable angle: R /2 0 x cos x dx). We have calculated the mass distribution of our sample of white dwarfs from Table 2 (excluding the magnetic stars EUVE 0823À 25.4 and WD 2359À434) and compared it to the mass distribution of magnetic white dwarfs, for which the mass is known. These masses are given in the Appendix. The mass distributions and the cumulative distributions of the nonmagnetic and magnetic white dwarfs are shown in Figure 7 . The figure shows that magnetic white dwarfs do have higher masses than the nonmagnetic white dwarfs. The mean mass of the magnetic white dwarf sample is hM i ¼ 0:78 M with a dispersion of ¼ 0:24 M . The mode (i.e., the most probable mass) of the magnetic sample is 0:76 M . The mean mass of the nonmagnetic sample is hM i ¼ 0:68 M with a dispersion of ¼ 0:20 M . The mode of the nonmagnetic sample is 0:57 M . If we only consider the major peaks of the two distributions (i.e., excluding the ultramassive white dwarfs), then the mean of the magnetic sample becomes hM i ¼ 0:73 M with a dispersion of ¼ 0:19 M and the mean of the nonmagnetic References.-(1) Ferrario et al. 1997a ; (2) sample becomes hM i ¼ 0:62 M with a dispersion of ¼ 0:11 M . Wickramasinghe & Ferrario (2005) suggest that the mass distribution is naturally biased toward a higher mass since they assumed that high-field magnetic white dwarfs evolve from more massive stars. And the low-field white dwarfs are assumed to evolve from low-mass main-sequence stars, which will produce a mass distribution that is similar to that of nonmagnetic white dwarfs.
EUVE J0823À25.4
We also observed the massive white dwarf EUVE J0823À 25.4, shown in Figure 8 , which is a known magnetic white dwarf. Ferrario et al. (1998) measured a dipole field of 3.5 MG inclined at a viewing angle of 60 using the Zeeman split Balmer line profiles. We measured a longitudinal field of roughly À600 kG. Using the relationship B p ¼ B l /(0:4 cos i) and B p ¼ 3:5 MG, the inclination would be $65
, which is in agreement with Ferrario et al. (1998) .
The measurement of the magnetic field at H resulted in a lower value of B l $ 63 kG compared to $600 kG for H and H. The H line profile is dominated by the quadratic Zeeman effect, and the linear Zeeman approximation assumed by the measurement technique is no longer valid and was therefore excluded in calculating the longitudinal field. Table 3 shows the close binaries containing a white dwarf that were observed as part of the survey, giving their apparent magnitude, spectral type, effective temperature, and surface gravity.
Binary Stars
The spectropolarimetry of BPM 6502 ( WD 1042À690) suggests the presence of a weak magnetic field. However, because the system is a close binary, the Balmer line profiles are shifted between different wave plate exposures. When the final spectra, which have opposite polarization, are subtracted from one another, the shifted Balmer line profiles can cause the same effect as the shifted components of the Zeeman effect. Therefore, the longitudinal field measurements of close binary systems need to be viewed with caution. Aznar Cuadrado et al. (2004) also observed this system and did not detect the presence of a magnetic field. A similar effect appears to occur for EUVE J0720À317. For the close binary LTT 1951, only H and H were used in the measurement of magnetic field strength. The cool companion dominates the spectrum in the red and therefore H could not be used in the measurement of the magnetic field of the white dwarf. The measurements we obtained for LTT 1951 indicate that the white dwarf does not possess a strong magnetic field.
Magnetic white dwarfs in binary systems have only been observed in cataclysmic variables or in double degenerate systems such as EUVE 0317À855 (Ferrario et al. 1997a ) and EUVE 1439+750 . The distribution of magnetic field strengths of magnetic white dwarfs in cataclysmic variables appears to be similar to the distribution of B of isolated magnetic white dwarfs . However, there appears to be a paucity of high-field strengths in white dwarfs in cataclysmic variables, which may be a selection effect . Many magnetic cataclysmic variables are known, but no postYcommon envelope binaries are known to contain a magnetic white dwarf, with the possible exception of SDSS J121209.31+013627.7 , which was found to be a magnetic white dwarf (B p ¼ 13 MG) with a probable brown dwarf companion with an orbital period of $90 minutes. Liebert (1995) suggested that the reason for the nondetection of magnetic fields in postYcommon envelope binaries may be due to selection effects, for example, the contamination by the secondary spectral features may hide the features that would identify the white dwarf as magnetic. Note that our spectropolarimetric survey of white dwarfs in close binaries with red dwarfs should have easily allowed detection of a field typical in magnetic accretors.
Non-DA Stars
As part of our survey we also observed stars that are non-DA; four of these are sdB stars and one is a DO white dwarf. Table 4 lists these stars, and Figure 9 shows their flux and polarization spectra. We did not detect the presence of a magnetic field in any of these stars.
Two of these stars were misclassified as DAwhite dwarfs; however, the spectra of BPM 36430 and GD 1669 (see also Beers et al. 1992; Lisker et al. 2005) show them to be sdB stars. GD 1669 (WD 2329À291) is believed to be magnetic. Koester et al. (1998) observed a broadened H core in GD 1669 and concluded that it is likely due to the presence of a magnetic field of 31 AE 10 kG. Therefore, an upper limit on the longitudinal field would be 12.4 kG, and our measurements (0:2 AE 5:8 kG and 7:1 AE 6:7) clearly lie within this limit. Within 2 of the measurements we cannot place any tight constraints on the inclination if a magnetic field of 31 kG is present. Until recently no magnetic fields have been known to exist in sdB stars. O'Toole et al. (2005) have searched Table 4. for magnetic fields in six sdB/O stars, which resulted in one clear detection of magnetism in HD 76431 and marginal detections in the remaining five stars. The broadened Balmer core reported by Koester et al. (1998) may indicate a weak field, or it may also suggest that this star is a possible binary (sdB+WD/sdB). More observations of GD 1669 are necessary to determine its status.
For three of the subdwarf B stars effective temperatures and surface gravities have been published; however, for BPM 36430, no temperature and surface gravities were found in the available literature. We calculated a grid of LTE line-blanketed spectra for temperatures ranging from 16,000 to 40,000 K (in steps of 4000 K ), surface gravities between 4.5 and 7.0 (in steps of 0.25 dex), and He abundances of log (N He /N H ) ¼ À4 to 0 (in steps of 0.5). We determined the effective temperature, surface gravity, and He abundance for BPM 36430 by fitting the Balmer lines (excluding H) and He lines with synthetic spectra. We found T eA ¼ 30;080 AE 660 K, log g ¼ 5:15 AE 0:16, and log (N He /N H ) P À3. The spectrum of BPM 36430 also exhibits Na i and Ca ii lines. Note that Napiwotzki (1997) found that for sdBs, LTE models begin to deviate from non-LTE models above 30,000 K; therefore, the temperature and gravity of BPM 36430 are probably only slightly lower than our LTE determination.
The magnetic field for the DO white dwarf MCT 0501À2858 was measured using four helium lines, He ii kk4686, 4859, 5412, and 6560. We measured a longitudinal magnetic field of À5:6 AE 10:4 kG, indicating that the white dwarf does not have a strong magnetic field. Holberg et al. (2002) list 46 white dwarfs that reside within 13 pc of the Sun; however, three of these were found to be F-type stars by and need to be removed from the list. Therefore, there are 43 known white dwarfs within 13 pc of the Sun, of which 9 are magnetic, resulting in an incidence of 21% AE 8%. Similarly, Holberg et al. (2002) list 109 white dwarfs residing within 20 pc of the Sun; apart from the three stars already mentioned, the white dwarf WD 1717À345 should be excluded from the list, since its distance places it at $150 pc. We can add nine additional stars to the list, eight from Kawka & Vennes (2006) and the newly discovered cool white dwarf PM J13420À3415 from Lepine et al. (2005) . Also Zuckerman et al. (2003) found that WD 0532+414 and WD 0322À019 are double degenerate binaries; therefore, we have a total of 116 white dwarfs within 20 pc of the Sun.
LOCAL POPULATION OF MAGNETIC WHITE DWARFS
8 Of these, 15 are classified as magnetic, resulting in an incidence of 13% AE 4%. The properties of all of the known magnetic white dwarfs to date are given in the Appendix. Figure 10 shows the cumulative distribution of magnetic field strengths of white dwarfs found within 13 and 20 pc. A Kolmogorov-Smirnov ( K-S) test for the white dwarfs within 13 pc shows that the incidence of magnetic white dwarfs appears constant for each decade interval with a probability of 0.7. For the white dwarfs within 20 pc, this probability is reduced to 0.53. The discovery of white dwarfs with kilogauss fields by Aznar Cuadrado et al. (2004) could imply that there is a significant population of white dwarfs with weak magnetic fields.
We have searched the literature for all 116 white dwarfs within 20 pc to find out to what level of magnetic field strength sensitivity each white dwarf has been observed. We have distributed the white dwarfs into four bins, which are based on the sensitivity achieved during the observations. Table 6 provides the number of magnetic white dwarfs known in each bin, as well as the number of white dwarfs that have been checked for magnetic fields with the corresponding strength for that bin.
Based on these results, we have calculated probabilities in finding more magnetic white dwarfs within 20 pc. In our calculations we have assumed that the B p value of a given bin is a lower limit to which the white dwarfs have been checked; i.e., if a white dwarf has been checked for magnetism down to 1 MG, it has also been checked for fields larger than the next bin at 10 MG. We have calculated the probability offinding more magnetic white dwarfs within a given sensitivity bin assuming a binomial probability distribution, i.e.,
We calculate the probability (P) of finding x number of magnetic white dwarfs in the total number of white dwarfs n that have not been checked for magnetism at the sensitivity level of the given bin. The value of p is determined from the fraction of magnetic white dwarfs in a given bin out of the total number of white dwarfs that have been checked for magnetism in that bin.
In the first bin, 107 of 116 white dwarfs have been checked for magnetic fields greater than or equal to 10 MG. The remaining nine objects are mostly DC white dwarfs, with one DQ (WD1043À 188). WD 1132À325 (LHS 309) may also be a DQ white dwarf rather than a DC (Henry et al. 2002) . There are eight white dwarfs with measured B p ! 10 MG. Continuum polarization should be detectable in all white dwarfs with B p ! 10 MG. For white dwarfs that display H or He lines, these lines will be significantly displaced by magnetic fields stronger than 10 MG. Therefore, based on the fraction of white dwarfs with B p ! 10 MG (8/107 ¼ 0:075), there is a 50% probability of finding at least one white dwarf with B p ! 10 MG, in the nine stars.
In the next bin, we have only one magnetic white dwarf (WD 0548À001) and 31 stars that have been checked for magnetic fields between 1 and 10 MG. In this bin, white dwarfs showing either H or He lines will display Zeeman splitting, and therefore good quality spectroscopy will be sufficient to identify white dwarfs with 1 MG B p < 10 MG. In addition, we have 23 stars that are not classified as magnetic and have not been checked for magnetism between 1 and 10 MG. Therefore, the fraction of white dwarfs with 1 MG B p < 10 MG is 1/85. Assuming that this fraction represents the probability of finding a magnetic white dwarf with a field of 1 MG B p < 10 MG, the probability that at least 1 of the 23 white dwarfs (not checked for fields down to 1 MG level) is 0.24. Therefore, it is unlikely that more white dwarfs will be found with 1 MG B p < 10 MG.
In the 100 kG B p < 1 MG bin, again we have two magnetic white dwarfs (WD 0009+501 and WD 0728À642) and 53 stars that have been checked for magnetic fields in this bin. There are 54 stars that are not classified magnetic and have not been checked for magnetism between 100 kG and 1 MG. The fraction of white dwarfs with 100 kG B p < 1 MG is 2/53, and the probability of finding at least one magnetic white dwarf with a field between 100 kG and 1 MG is 0.87 and is therefore a very likely eventuality.
In the final bin (B p 100 kG), we have 4 magnetic white dwarfs (WD 0413À077, WD 1953À011, WD 2105À820, and WD 2359À434) out of 33 stars that have been checked for magnetism at this level. There we can assume that 12% of white dwarfs have magnetic fields below 100 kG. A lower limit to this bin is probably 10 kG, based on the sensitivity of the surveys taken to measure the magnetic field strengths in the 33 stars. There are 72 stars that are not classified as magnetic and that have not been checked for magnetic fields below 100 kG. Note that some of these stars are likely to be in the SPY sample of white dwarfs (Napiwotzki et al. 2001) , where magnetic fields less than 100 kG would be detectable in the core of the Balmer lines; however, since many of the spectra are not yet published, we cannot include them in the analysis. The probability that at least one of these stars has a magnetic field less than 100 kG is almost 1. If we calculate the probability of finding a particular number of magnetic white dwarfs in this sample, then the probability peaks at finding 8 white dwarfs with B p 100 kG among the 72 (P ¼ 0:14). Therefore, it is very likely that there are many white dwarfs within 20 pc that have magnetic fields less than 100 kG, and the flat distribution of field per decade is probably fortuitous at these low fields.
For all of the white dwarfs within 20 pc we have obtained the effective temperature, mass, and cooling age from the literature. For those for which we could not find a calculated cooling age, we calculated the cooling age using the evolutionary models of Benvenuto & Althaus (1999) . For a few white dwarfs we assumed a surface gravity of log g ¼ 8:0 and hence a mass of 0.57 M . A plot of the mass versus the age for these white dwarfs is shown in Figure 11 . The filled circles are the known magnetic white dwarfs within 20 pc, and the open circles are the nonmagnetic white dwarfs within 20 pc. The plot includes the suspected magnetic white dwarf WD 2105À820 ). Figure 11 also shows the distribution of the cooling age binned into decades, which shows that the local population is relatively old with most white dwarfs having a cooling age greater than 10 9 yr. We also calculated the fraction of magnetic white dwarfs for each decade interval of age, which is shown in the top panel of Figure 11 . From this plot we can see that there does not appear to be a higher incidence of magnetism among older white dwarfs within the uncertainties of the fractions in each bin. This is in contradiction to other similar studies, such as Liebert et al. (2003a) and Valyavin & Fabrika (1999) , which found that the incidence of magnetism is higher in older white dwarfs. In terms of absolute fractions, this appears to be true, but due to the large uncertainty in hot white dwarfs, it is not conclusive, and magnetic incidence may be constant as a function of temperature.
SUMMARY
We have conducted a spectropolarimetric survey of southern white dwarfs, which resulted in no new detections of magnetic fields, with the possible exception of WD 0310À688, for which we measured a longitudinal field of À6:1 AE 2:2 kG. We have also observed the known magnetic white dwarf EUVE J0823À 25.4 and measured a longitudinal field of À600 kG. However, this survey has helped constrain the incidence of magnetism in the solar neighborhood. We reviewed the list of known white dwarfs in the solar neighborhood and found that 21% AE 8% are magnetic. We also investigated the probability of finding more magnetic white dwarfs within the solar neighborhood based on the current magnetic white dwarf incidence. We found that a significant number of magnetic white dwarfs with fields B < 100 kG remain to be detected within the solar neighborhood.
We thank Mount Stromlo Observatory for the generous allocation of time on the 74 inch telescope. We also wish to thank K. Vanlandingham Table 7 lists all of the known magnetic white dwarfs as of 2006 June. The table gives the WD number, an alternate name, the surface composition of the white dwarf (i.e., whether it is H-or He-rich), the polar magnetic field strength, the effective temperature, the mass of the white dwarf if known, the rotational period if known, and references. For a number of white dwarfs, the properties such as the effective temperature and magnetic field strength were determined assuming a surface gravity of log g ¼ 8:0. For these white dwarfs this is explicitly labeled in the Mass column instead of providing a mass determination.
In Table 8 we list the white dwarfs that have once been classified as magnetic due to their peculiar spectra but have since been shown to be nonmagnetic. The references that show the white dwarf not to be magnetic are provided. Note that the stars are considered nonmagnetic at the level advertised in the literature, and low magnetic field in order of kilogauss may still be present in these stars. References.
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